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ABSTRACT 
 
 
Forest management practices including prescribed burning and mechanical 
thinning are used to maintain the best health of a forest for the intended management 
goal. These management practices disturb natural biogeochemical cycles including 
carbon and mercury. Forest floor detritus materials and woody fuels serve as the main 
source of carbon and mercury that naturally grows and shrinks during normal 
decomposition cycles. Management manipulates the forest floor through material 
removal as a result of prescribed burning or an addition of materials due to mechanical 
thinning. Compounded with post management hydrologic factors there is potential for 
localized and downstream impacts. Management practices are chosen to meet 
managements goals with consideration to site specific factors like small-scale pile 
burning in previously fires suppressed areas compared to more traditional methods but 
should not neglect impacts on important biogeochemical cycles. In this study we 
examined rainwater leachate from prescribed burning and mechanical thinning materials 
from a South Carolina watershed in a controlled field experiment and surface water 
runoff from prescribed pile burning in Sierra Nevada, California to determine changes in 
water quality. In South Carolina we found that mechanical thinning leaf materials 
exported the largest quantities of dissolved organic carbon, but prescribed burning 
materials exported larger quantities of total dissolved mercury (filtered) which we 
attribute to the increased aromatic character. In California we find that prescribed pile 
burning exhibited no considerable impacts on water quality and therefore may be a 
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suitable method for forest management, especially due to the low risk of a runaway 
wildfire when using this method. 
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CHAPTER ONE 
 
INTRODUCTION 
 
 
 Forest management practices are used to reduce risk of wildfire by reducing the 
available fuel load, manipulate the landscape for a specific use like timber production, 
maintain the best health of a forest for environmental conservation, or even restore 
previously lost historic species and landscapes (Scholl and Taylor, 2010; Hurteau and 
Brooks, 2011; Keane, 2013; Majidzadeh et al., 2019; Williams et al., 2020). Commonly 
used management methods include prescribed burning and mechanical thinning which 
may be used separately or in conjunction to produce the desired effect (Agee and Lolley, 
2006; Hurteau and Brooks, 2011; Vernon et al., 2018). Regardless of the method used 
there will be an impact on the forest floor materials, where practices like burning 
typically reduce the quantity of materials and partially combusted materials may see 
alterations to their chemical properties while practices like thinning may increase 
materials inputs on a scale more considerable than normal litterfall rates as tree slash is 
discarded across the landscape (Hurteau and Brooks, 2011; Coates et al., 2018; 
Majidzadeh et al., 2019; Kolden, 2019). 
 Forest floor materials serve as the major contributor to terrestrial dissolved 
organic matter (DOM), a ‘pool’ that grows and shrinks during normal biogeochemical 
decomposition cycles and is altered further during forest management. Forest floor 
materials contain many carbonaceous compounds and also serve as the main source of 
inorganic mercury in these systems (Tsui et al., 2008; Woerndle et al., 2018; Tsz-Ki Tsui 
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et al., 2019). Inorganic mercury vapor is suspected to enter leaves during normal 
respiration processes through the stomata and is trapped until the leaf becomes part of the 
forest floor (Tsui et al., 2008; Tsz-Ki Tsui et al., 2019). Carbonaceous compounds and 
mercury are of concern due to potential to become toxic compounds; inorganic mercury 
through microbial activity is converted to the toxic and bioaccumulating methylmercury, 
while carbonaceous compounds may react with disinfection chemicals during the water 
treatment process or cause downstream algal blooms (Haitzer et al., 2002; Tsui et al., 
2008; Majidzadeh et al., 2015a; Ersan et al., 2019). 
 To examine the complex interactions between forest management practices and 
biogeochemical cycling our study utilizes two experiments of different design, forest 
type, scale, and management practices used. A controlled field experiment was 
implemented in South Carolina on a set of small watersheds in which ‘traditional’ 
prescribed burning and mechanical thinning detritus materials were compared. 
Experiments that are conducted exclusively in the field often have many variables that 
are difficult to account for, therefore we implemented management practices in the field 
but removed the impacted material and placed them into trays. These isolated trays 
allowed a controlled amount of material to be monitored in many field conditions like 
precipitation, sunlight, and wetting-drying cycles but eliminated variables like 
topographical and hydrological differences. A field experiment was conducted in Sierra 
Nevada, California to study the effects of a ‘non-standard’ burning method, small pile 
burning, on biogeochemical cycling on a full watershed scale. Small pile burns were 
conducted, and surface water runoff was analyzed at four different creek sites and one 
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groundwater reference to observe the localized and downstream effects of forest 
management in an area where fire suppression was the primary management method. 
 Using these two different experimental approaches we hope to develop a more 
thorough understanding of how forest management practices impact carbon and mercury 
cycling in order to provide a wider scope of considerations when determining the best 
management practice to employ in a specific ecosystem.  
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CHAPTER TWO 
 
FIELD TRAY INCUBATIONS OF PRESCRIBED BURNING AND MECHANICAL 
THINNING DETRITUS MATERIALS IN RAINWATER LEACHATE 
 
 
Abstract 
 Forest management practices are a key component in reducing fuel load to lower 
wildfire risk and promote ecosystem health. Prescribed burning and mechanical thinning 
are two different approaches that can accomplish similar management goals but have the 
potential for impacting the environment in different ways. Vegetation materials have the 
potential to leach many chemical compounds including those containing carbon or metal 
like mercury.  To compare differences among these treatments a controlled field study 
was conducted in which materials were gathered from burned and thinned sites in the 
Clemson Experimental Forest (CEF) and placed in aluminum trays outdoors to incubate 
in natural conditions for three months. Materials from the thinned site were separated into 
leaves and woody material, while material from the burned site (both burned and 
unburned) contained an assortment of materials found on the forest floor including leaves 
and small woody debris. From these trays the leachate water was collected, filtered, then 
analyzed for the first 11 rain flushes after placing materials in the field. Prescribed 
burning typically decreases quantity of forest floor detritus by consuming some materials 
as fuel during burning while mechanical thinning increases by adding previously standing 
biomass to the forest floor.  Forest floor detritus serves as the major terrestrial source of 
dissolved organic carbon (DOC) and total mercury (THg), therefore, these alterations 
likely alter biogeochemical pathways. Mechanical thinning litter materials were found to 
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export more DOC (by concentration) than all other materials (p-value < 0.037) but were 
found to have the lowest aromatic character based on specific ultraviolet absorbance at 
254nm (SUVA254, p-value ~ 0.0). Burned detritus materials exported the largest amounts 
of THg on both a per flush mean basis and total amount exported. Mechanical thinning 
creates lower exports of mercury and decreased aromaticity than prescribed burning. 
Introduction 
 Forest management practices including mechanical thinning and prescribed 
burning are used to reduce fuel loading, and subsequently wildfire risk, in forests 
throughout the Southeastern United States and other parts of the world (Keane, 2013; 
Majidzadeh et al., 2019). These practices are also used to maintain the best health of the 
forest for the intended land use; such as timber production, environmental conservation, 
or to restore historic or ecosystems (Scholl and Taylor, 2010; Hurteau and Brooks, 2011; 
Williams et al., 2020). These practices impact natural biogeochemical cycles and 
processes including carbon, nutrient, and mercury. These cycles are also affected by post-
management hydrologic factors including both the frequency and quantity of rainfall 
experienced.  
 Litter and duff materials, henceforth referred to as forest floor litter, comprises a 
major source of terrestrial dissolved organic matter (DOM) in riverine water(Chow et al., 
2009; Chen et al., 2020). This ‘pool’ naturally grows and shrinks due to natural processes 
like litterfall and decomposition (Kõlli, 2018). Prescribed burning under ideal conditions 
generally consists of low intensity fire, consuming some of the litter but minimally 
impacting the duff layer (Waldrop and Goodrick, 2012; Coates et al., 2018). Mechanical 
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thinning typically adds extra organic material to the forest floor, with the quantity 
depending on the type of thinning practice used. Mastication involves mulching of 
selected biomass and spreading it as small pieces across the landscape generating 
relatively greater inputs compared to selective thinning (Hatchett et al., 2006). Selective 
thinning involves removing specific trees which may be left on the plot or removed, in 
either typically the slash (leaves and branches) is left behind to provide a readily 
available source of organic material. There are many implications for DOM export, 
particularly those considered when transferring carbon from one ecosystem downstream 
into others. Changes in DOM export may provide increased difficulties in areas like 
water treatment facilities where disinfection byproducts can be formed or disruption of 
downstream nutrient cycling (Majidzadeh et al., 2015a).  
 Forested areas are important as they contain an abundance of leaf litter which 
serves as a major source of inorganic mercury (dry) deposition in the environment, due to 
its capture in the leaves through their stomata where it is sequestered (Tsui et al., 2008). 
Previous studies show that after the leaves become part of the forest floor litter mercury 
can become released, subsequently it may be transformed by microbes into the toxic and 
bioaccumulating organic form methylmercury (Tsui et al., 2008). Mercury export is of 
great concern due to its highly toxic nature, particularly in the organic methylmercury 
which has been shown to bioaccumulate in aquatic food webs, and in more recent works 
in terrestrial food webs (Tsui et al., 2019). Previous works have found that Hg export is 
correlated with aquatic DOM releases (Haitzer et al., 2002). Furthermore, burning and 
mechanical thinning can have different impacts on Hg export, wildfires typically release 
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much of the Hg back into the atmosphere though prescribed burning conditions generate 
a lot of incompletely combusted materials (black carbon, or charcoals) that can bind Hg 
making it quite recalcitrant (Ku et al., 2018). Conversely, mechanical thinning provides 
increased quantities of labile organic matter and introduces more bioavailable and 
reactive Hg, potentially increasing Hg methylation.  
 Forested lands are highly valuable ecosystems that provide a variety of services; 
therefore, appropriate management is a priority that requires consideration of not only the 
forest health but of those areas impacted downstream water quality as well. The objective 
of this study was to determine the impact of mechanical thinning and prescribed burning 
on carbon and mercury exports. We hypothesize that remaining materials from 
prescribed burning (burned detritus) will exhibit increased aromatic character 
compared to other materials but those materials remaining from mechanical 
thinning will export greater quantities of THg due to greater quantities of  DOC (mg 
DOC / mg material). 
 
Materials and Methods 
Study Site 
Materials for this field tray incubation study were collected from a set of four small 
watersheds (ranging from approximately 9 to 14 acres) in the northern portion of Clemson 
University’s Experimental Forest (CEF), approximately 13 kilometers north of Main 
Campus (figures 2.15 – 2.18). Different treatment parameters were assigned to each of the 
four watersheds (A, B, C, and D), see figure 2.1. Watershed A served as the control site 
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where no treatment occurred, watershed B was subjected to a prescribed burning, 
watershed C served as a buffer between B and D to ensure no treatment overlap, where 
watershed D was mechanically thinned. 
Watersheds A and B were classified by the National Land Cover Database as a 
mixed forest (where neither deciduous or evergreen species are dominant) and contained 
largely Loblolly pine (Pinus taeda, estimated > 95% of present pines) and some Virginia 
pine (Pinus virginiana, estimated < 5% of present pines). Hardwood species were 
predominantly Mockernut hickory (Carya tomentosa, estimated > 25% of present 
hardwoods), Red maple (Acer rubrum, estimated < 15% of present hardwoods), Black 
cherry (Prunus serotina, estimated < 10% of present hardwoods), Tulip poplar 
(Liriodendron tulipifera, estimated > 15% of present hardwoods) and White oak (Quercus 
alba, estimated > 15% of present hardwoods). Watershed D was classified as an evergreen 
forest and was comprised of > 95% Loblolly pine. 
Watersheds A, B, and D were surveyed on 2/2/2018, 2/10/2018, and 2/9/2018 
respectively, prior to any treatment occurred in this study to determine fuel loading and 
additionally, to collect pre-treatment samples. Brown’s transects were used to estimate the 
fuel loading, with 6 transects on each plot, with each transect consisting of 3 individual 
tapes that were sampled and averaged (see figure 2.2, Brown, 1974). Field surveying 
occurred before and after the burn on watershed B, additionally, transects were used on 
watershed A and D to determine present fuel load. Before fire was applied to the watershed 
B on 4/3/2018 leaf litter materials (excluding the duff layer) were collected destructively 
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from a 1m x 1m square within 5 m2 of all 8 Browns transects. Multiple squares were used 
at some areas to ensure enough materials were collected. The prescribed burn on watershed 
B was conducted using standard burning methods, hand lit backing fire, under typical 
conditions (figure 2.17). From the Andrew Pickens, SC RAWS conditions on the day of 
the burn were collected and displayed in table 2.1.  
Tray Setup 
 Custom fabricated aluminum trays (0.6m x 0.6m x 0.3m) were used to hold 
sample bags, coupled to glass carboys for sample collection for the controlled field 
incubation portion of the experiment (figure 2.3, 2.4). Aluminum trays and glass carboys 
were used to alleviate any contamination concerns regarding dissolved organic carbon 
that could arise when using plastic, see figure 2.3 (Yoshimura, 2013). Trays were placed 
in an open area behind a research lab at Clemson University’s Satellite Research Campus 
located in Anderson, SC, approximately 5m away from  an active weather station 
(ECRN-50 and Decagon VP-4 sensors connected to a Decagon EM50 datalogger) 
collecting temperature and precipitation data at 5-minute intervals. Within each tray 
samples were placed in fine aluminum mesh bags 0.5m x 0.5m size (1 mm gap) and 
stapled closed tightly to prevent materials from being flushed out. The aluminum trays 
were not covered, therefore, occasionally leaves from nearby trees and invertebrates were 
observed in the trays and immediately removed. Trays were checked every couple of 
days to ensure any foreign materials were not present, especially before an anticipated 
rain event.  
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One kg of materials were placed in each of treatment bags, unburned and burned 
detritus materials were dried (24 hours at 60 °C) and thinning materials (litter and 
woody) were “fresh” (stored indoors at room temperature in large plastic bags for 5 days 
before setup) to best represent the conditions the materials would be in immediately 
following treatment. Due to preparation of each material type according to the best 
representation thereof no adjustments were made to convert thinning materials to dry 
weight, or vice versa, simply 1kg of each material was used to standardize comparisons. 
Each materials bag was prepared in duplicate (2 bags x 4 materials) and thus occupying 
the first 8 trays while the 9th tray that served as our field control contained only an empty 
mesh bag. Any impacts of foreign material entering the trays would be reflected in the 9th 
empty tray. Treatment bags contained mechanical thinning leaf, mechanical thinning 
woody, pre-burn leaf litter and post-burn leaf litter materials, in duplicate. Materials were 
placed to most accurately resemble the field site conditions, detailed in table 2.2  
Mechanical thinning materials quantity was determined based on the percentage of 
contribution to the total fuel in the watershed by each class (based on calculated average 
values from the Brown’s transects). These percentage values were then applied to 1kg of 
materials added to the tray.   It is significant to note that mechanical thinning was unable 
to be carried out by 3rd party commercial means within the timeline required of the 
experiment on the intended research plot, therefore, a ‘surrogate’ site was selected to 
gather the mechanical thinning materials from (an active thinning project). This 
‘surrogate’ site was located near the main research watersheds and is still located within 
the CEF. One drawback to this approach was the ‘surrogate’ site contained > 90% 
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Mockernut hickory trees and lacked the other hardwood species present in watersheds A 
and B in the required quantity. As a result, we made the assumption that it was more 
important to incubate fresh materials that had been subjected to the commercial thinning 
process even if it contained only one species (mockernut hickory) in our other 
watersheds, to more accurately address the research questions of interest. Additionally, 
the surrogate materials were added based on calculations from the watershed D, not the 
surrogate site, as field surveying on this site was not conducted.  This experiment was run 
from 8/24/2018 (incubation beginning), with the 1st sampling after the 1st rainfall event 
on 9/28/2018 through 12/11/2019. 
Sample Processing and Chemical Analyses 
Each aluminum tray was connected to a 24L glass carboy and water in the tray 
was freely drained into it after each major rain event (total volume recorded. From each 
glass carboy an aliquot of 1L was collected in amber glass bottles after thoroughly 
mixing by swirling the carboy. Samples were pre-filtered by Whatman GF/F 0.7 um to 
remove some large suspended particles that caused premature clogging of the filter 
(notably some small charred materials were found suspended in post-burn treatment 
leachate samples as they were fine enough to pass through the mesh bag) then using a  
polyethersulfone (PES) 0.45 um (Sigma-Aldrich St. Louis, MO)before analysis. Water 
quality analysis included: dissolved organic carbon (DOC), dissolved total nitrogen 
(DTN), ultraviolet absorbance at 254nm (UV254), NH3-N, NO3-N, NO2-N, pH, and 
turbidity. The pH was measured using a VMR SD80pc benchtop meter with Orion 
9156BNWP electrode (VMR International Radnor, PA). Turbidity was measured using a 
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Hach 2100N turbidimeter (Hach Company Loveland, CO). Nitrite (as NO2-N) and 
Nitrate (as NO3-N) were measured using a Dionex Aquion IC, MDL = 0.5µg/L (Thermo 
Fisher Scientific Waltham, MA).  Dissolved organic carbon was measured as non-
purgeable organic carbon, by acidifying samples with phosphoric acid to  pH < 2 before 
sparging by nitrogen gas to remove inorganic carbon, and dissolved total nitrogen on a 
Shimadzu TOC-L equipped with TNM-L unit and ASI-L autosampler (Shimadzu 
Corporation, Kyoto Japan). MDL for DOC method was 0.5 mg/L, and 0.05mg/L for DTN 
method. Ammonia was measured as NH3-N using Hach DR/890 colorimeter and 
corresponding method 8155, MDL = 0.2 mg/L of nitrogen (Hach Company Loveland, 
CO). Specific ultraviolet absorbance at 254 nm was calculated by: SUVA254 = 
(UVA254/DOC) * 100 with the units L/(mg*m). 
Specific ultraviolet absorbance at 254nm (SUVA254), UV254nm to UV365nm 
ratio (E2/E3 ratio), and Fluorescence spectroscopy (FL) coupled with fluorescence region 
integration (FRI) to create excitation-emission matrices (EEMs) were used to analyze the 
changes optical properties of DOC over the incubation period. Excitation from 220 – 
450nm at 5nm interval and emission from 280 – 550nm at 1nm interval with 5nm slit 
width was measured on a Shimadzu RF5301 spectrofluorophotometer (Shimadzu 
Corporation, Kyoto Japan). All samples were diluted to UV254 absorbance < 0.2 to remain 
below peak detection limit. FRI analysis was performed following the method in (Zhou et 
al., 2013). In the EEMs Region 1 contains tyrosine-like compounds, region 2 tryptophan-
like compounds, region 3 fulvic acid-like, region 4 soluble microbial byproduct-like, and 
region 5 humic acid-like. However, to expedite analysis time region 3 and region 5 
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maximum fluorescence intensity values were used to compare key differences in optical 
properties compared to the more traditional approach comparing the percentage of overall 
signal response in each region (Zhou et al., 2013). 
Samples for total mercury (THg) analysis were collected in Teflon bottles 
(preserved with 1% HCl solution before use). Collected samples were immediately put on 
ice and subsequently refrigerated until shipping cold to University of North Carolina at 
Greensboro (UNCG) for analysis. At UNCG samples were initially filtered by 0.7 µm 
Whatman GF/F filter were pre-baked at 450°C for four hours to remove mercury prior to 
use and the filter apparatus was rinsed with 20% HNO3 and soaked in 5% BrCl before 
final rinse with deionized water to ensure no mercury was present in the filter apparatus. 
Samples were then digested using an acidic mixture permanganate (KMnO4) and 
persulfate (K2S2O8) at 60°C for at least 12 hours (Woerndle et al., 2018). After 
neutralization samples were analyzed using cold vapor atomic fluorescence spectrometry 
using a Brooks Rand Model III detector, MDL = 0.1 ng/L (Brooks Rand Instruments 
Seattle, WA). 
Flux Calculation 
Dissolved organic carbon, dissolved total nitrogen, and dissolved organic nitrogen 
fluxes for all four materials (n = 2 for each rain event) were calculated using the 
following formula: X export (mg) =  [(Xmaterial tray – Xcontrol tray) mg/L * (volume of water 
in carboy) L ] where X = DOC, DTN or DON. Total mercury flux was calculated using 
this formula apart from concentration per tray being measured in ng/L therefore, the 
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export value is in ng. Dissolved organic nitrogen was calculated using the following 
formula: DON * (volume of water in the carboy in L), where DON = DTN - (NH3N + 
NO2
--N+ NO3
—N. With information from the weather station located within 5m we 
calculated the carboys contained >95% of the volume we would expect based on the 
rainfall per surface area of the tray. We assume that little to no evaporation effects were 
occurring as samples were collected the morning after each rainfall event at the latest, 
therefore, no corrections to 100% capture of rainfall have been made. Additionally, all 
trays contained 1 kg of material to start so no mass corrections were required. 
Statistical Analysis 
One-way analysis of variance (ANOVA) coupled with a post hoc Tukey HSD test 
were used to determine if statistically significant differences were found, therefore all 
required assumptions required of this analysis were deemed appropriate for this dataset. 
All statistical analysis was performed in programming language R, see appendix A for 
details about specific packages used.  
Results 
Rain events and weather 
 The average daily temperature and total daily rainfall are shown in figure 2.5 for 
the 11 sampled rain events from late September 2018 to mid-December 2018. Average 
daily temperature decreased steadily over the sampling period in fall ranging from 0.8 to 
26.8 °C, therefore it never quite reached freezing point. The lowest amount of rainfall 
experienced during one event was approximately 10 mm (less than one day of rain) and 
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the greatest approximately 90 mm (rain for approximately two-day period). Cumulative 
rainfall experienced by the trays during the incubation was nearly 540 mm (figure 2.5). 
Fuel loading 
 Brown’s transects were used before and after treatment to determine the impacts 
on fuel loading in the research plot, referred to throughout as field surveying. The 6 
transects (times 3 tapes per transect) on each plot were averaged to create table 2.3.  
Fuel loading (table 2.3) for 1 to 100-hour fuels was highly variable, watershed B before 
burning had over 2x the fuel load of watershed D. A decrease by approximately 3x was 
observed in watershed B post burning compared to pre burning. Additionally, duff depth 
decreased by half and litter depth by 6x indicating a significant portion of the forest floor 
detritus materials were consumed during the prescribed burn. In watershed B post 
burning there was a large increase in the amount of sound 1000-hour fuels added to the 
system. As discussed previously we were unable to obtain the  field survey  for 
mechanical thinning as it was not able to be conducted on watershed D, however, we find 
it reasonable to assume based on other works that this process would increase the fuel 
load (Kolaks et al., 2004; Agee and Lolley, 2006).  
Water Chemistry  
To show variances in the concentrations of leached constituents among materials 
DOC, DTN and DOC/DTN for each of the 11 sampled rain events are shown in figures 
2.6A, 2.6C, and 2.6E respectively and summarized for the 11 events in figures 2.6B, 
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2.6D, and 2.6F. Among all materials the DOC trend was strongly decreasing from the 1st 
to the 11th flush with some fluctuations present throughout, however, by the 11th flush all 
measurements had decreased by >75% compared to the 1st flush.  Dissolved organic 
carbon was highest in foliar litter from mechanical thinning (litter, 26.2 ± 6.93 mg/L), 
with the lowest DOC observed in woody materials from mechanical thinning (wood, 4.8 
± 1.1mg/L). The DOC measured in watershed B materials before treatment (unburned 
detritus, 12.0 ± 1.7 mg/L) was not significantly different from those after the prescribed 
burning treatment (burned detritus, 11.0 ± 1.4 mg/L). Dissolved total nitrogen values 
showed a similar pattern among all materials (despite their relative differences in values) 
with a decrease from 1st to 4th, a sharp increase from 4th to 5th, decreasing again through 
the 7th , increasing or remaining stable through the 8th before finally decreasing through 
the 11th. The highest DTN values were observed in burned detritus (0.76 ± 0.08 mg/L) 
followed by unburned detritus (0.49 ± 0.05 mg/L), litter (0.38 ± 0.04 mg/L), and finally 
wood (0.21 ± 0.03 mg/L). Dissolved organic carbon / dissolved total nitrogen ratio 
(DOC/DTN) was largest in litter material (72.1 ± 15.7), followed by wood (27.7 ± 6.3), 
then unburned detritus (25.6 ± 2.3), burned detritus (15.0 ± 1.2), and lastly rain (3.3 ± 
0.5).  
 Litter materials leached the most DOC overall (3554.5 mg), followed by 
unburned detritus (1674.7 mg) and burned detritus (1491.7 mg), with the least being 
leached from wood (544.8 mg), figure 2.7A. Dissolved total nitrogen (DTN) export was 
highest in burned detritus (8.31 mg), followed by unburned detritus (5.36 mg), litter (4.13 
mg), and lastly wood (2.34 mg), figure 2.7 B.  Dissolved organic nitrogen (DON) export 
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was found to be greatest in burned detritus (6.38 mg), then unburned detritus (4.63 mg), 
followed by litter (3.13 mg), and again least was found from the wood (1.45 mg), figure 
2.7 C.  
 Nutrients which include ammonia, nitrite, and nitrate are shown in figure 2.14. 
Ammonia values (figure 2.14 A) do not show a clear trend in any materials, likely due to 
the impact of large error bars (n = 2). Mean ammonia values (figure 2.14 B) were highest 
in burned detritus followed by rain control tray, unburned detritus, litter and lastly wood. 
Nitrite values were relatively stable among all materials until the 5th rain event where 
they sharply decreased and remained for the remainder of the experiment (figure 2.14 C). 
Nitrite mean values (figure 2.14 D) were almost the same for all materials and the rain 
control tray. There was no apparent trend in Nitrate values up until the 5th rain event in 
any of the materials, where from the 5th to 8th event all materials decreased and increased 
slightly through the 9th event (figure 2.14 E).  Nitrate mean values (figure 2.14 F) were 
highest in burned detritus, followed by rain control tray, woody, unburned detritus, and 
lastly litter. 
 To assess differences in the carbon character more closely the maxima values in 
fulvic acid-like and humic acid-like regions of fluorescence excitation emission matrices 
(EEMs) were examined (figure 2.13 C-F). Additionally, SUVA254 and E2/E3 ratio were 
examined to characterize differences in aromaticity and photo-reactivity of contained 
compounds (figure 2.13 A-B, G-H, respectively). Burned detritus showed the largest 
maxima for both region 3 and 5 (figure 2.13 C and E), with unburned detritus being 
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somewhat lower, with litter and wood being considerably lower. In figure 2.13 D and F it 
is evident that burned and unburned detritus materials showed a considerable variation 
for the duration of the experiment while litter and wood showed little variation. The 
E2/E3 ratio was largest in burned detritus, followed by unburned detritus and litter, with 
the lowest average ratio found in wood (figure 2.13 G and H).  For SUVA254 (figure 2.13 
A and B) measurements each of the materials had approximately the same values for the 
1st and 11th flush with some fluctuation over the course of the study, with the exception of 
woody materials which decreased overall. Among the materials litter was found to have 
the lowest average SUVA254 values (0.79 ± 0.03 L*mg/m). Wood material was found to 
have SUVA254 values that were about twice as large as that of the litter (2.05 ± 0.09 
L*mg/m). The highest average SUVA254 values were observed in burned detritus (2.98 ± 
0.07 L*mg/m) and unburned detritus (2.90 ± 0.09 L*mg/m) which were not significantly 
different (p = 0.85). 
In Table 2.5 we compared DOC, SUVA254, DTN, DON and THg by using one-
way ANOVA coupled with post hoc Tukey HSD test to determine statistically significant 
differences among means. We found a statistically significant difference (p < 0.037) 
when comparing litter to all other materials in concentration of DOC. For SUVA254 
measurements litter and wood were different from each other (p ~ 0) and others while 
burned vs unburned showed no statistically significant difference (p = 0.85). Dissolved 
total nitrogen showed burned material was different from others (p < 0.003), but wood vs 
unburned also yielded a statistically significant difference (p = 0.002). Dissolved organic 
nitrogen values showed that burned material (highest DON value) was statistically 
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significantly different (p < 0.0003) than all other materials as was the wood to all others 
(lowest DON value, p < 0.004). 
Mercury analysis 
We found a moderate positive correlation when comparing the total mercury versus 
SUVA in a linear regression for all materials together, r = 0.52 and p = 0.0018 (figure 
2.9). When looking at each material individually there is a weak positive correlation r = 
0.33 and p = 0.47 for wood material and a strong negative correlation r = 0.77 and p = 
0.044 in litter material (figure 2.10). Burned detritus and unburned detritus showed no 
correlations between total mercury and SUVA 
 A moderately strong positive linear relationship was found when comparing total 
mercury to DOC for all materials with r2 = 0.66 and p = 2.1 * 10-5 (figure 2.11). 
Additionally, we found strong positive linear relationships when examining each material 
individually (figure 2.12), with unburned detritus, litter and wood having r > 0.89 and p < 
0.0075, with burned detritus having a slightly weaker positive correlation with r = 0.65 
and p = 0.11.  
To assess relative differences in short term export of mercury cumulative flux was 
analyzed (figure 2.8). Total mercury export was highest in burned detritus materials 
(1125 ng), next was unburned detritus (801 ng), followed closely by litter (779 ng), and 
least of all wood materials (518 ng).  
Discussion 
Prescribed Fire Conditions and Fuel Loading 
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The prescribed burn conducted on watershed B was performed under standard 
prescribed burn conditions using standard methodology. Weather station (Andrew 
Pickens, SC RAWS) data shown in table  2.1 indicated that conditions were within the 
ideal range for conducting a moderate burn (Latham et al., 2006). This condition allowed 
for the hand lit backing fire to consume much of the leaf litter and in some areas a bit of 
the duff layer. 
Fuel loading (table 2.3). For this study the 1 to100-hour fuels are more important 
than the 1000-hour fuels due to several factors: 1) 1000-hour fuels typically take long 
periods of time to decompose, 2) these fuels are typically not consumed during prescribed 
burning due to the relatively less severe conditions (except in cases of extremely rotten 
fuels), and 3) neither prescribed burning or mechanical thinning practices as described in 
this study contribute significantly to 1000 hour fuel loads, except in some instances of 
fire expediting deadfall (Kolaks et al., 2004; Hatchett et al., 2006; Waldrop and 
Goodrick, 2012). In watershed B post burning there was a large increase in the amount of 
sound 1000-hour fuels added to the system, this was likely due to fire further weakening 
the hold of already dead or otherwise susceptible trees leading to expedited deadfall.  
Chemical Release 
 As shown in figure 2.6 the largest concentration of DOC in the leachate was 
measured after the 1st flush for all materials, especially in the litter materials which 
contained large quantities of more readily soluble organics due to the freshness (Franklin 
et al., 2020). With approximately 10 days between the 1st and 2nd flushes there was likely 
some drying out of the materials compared to only two days between 2nd and 3rd flushes 
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(see figure 2.5). Drying out and rewetting likely had an effect on leaching during this 
time as well as the amount of rain occurring during each flush (Franklin et al., 2020). For 
the remaining flushes there are some fluctuations in DOC concentrations but ultimately 
by the final flush measurement they decreased considerably.  
Dissolved total nitrogen (DTN) showed an overall decreasing trend from 1st to 
11th flush with some deviation during flushes 5 through 7 due to an increase in DTN 
values during these flushes (figure 2.6) with burned detritus having > 50% greater DTN 
values than all other materials on average. Nitrogenous compounds seem to be difficult to 
predict as some studies show an increase after a prescribed burn (Bêche et al., 2005), 
while others show a decrease (Santos et al., 2019). Additionally, the impacts on 
nitrogenous compound export may last for short periods (~ 14 - 21 days) after fire (Bêche 
et al., 2005) or could be seen up to multiple years after, depending highly on varying site 
characteristics (Santos et al., 2019). In our study we found a return to before fire 
conditions (unburned detritus) in the burned detritus materials on a more short – term 
basis (within the 3 – month study period), though the controlled aspects in our study 
likely overly simplify or exclude more complex processes and interactions with many 
landscape factors, and to what extent these occurred remains unknown (Santos et al., 
2019). 
The DOC/DON ratio for each flush and summarized by material is shown in 
figure 2.6 E and F, respectively. We found that the litter material had a significantly 
higher DOC/DON ratio than all other materials, likely due to (initially) more readily 
soluble DOM components of the fresh leaf material, while woody materials are more 
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recalcitrant to decomposition, additionally, unburned and burned detritus materials have 
already experienced these initial flush effects and some decomposition (Bani et al., 2018; 
Gmach et al., 2018). As the DOC/DON ratio can be used as an indicator of DOM quality 
or characteristics these findings further substantiate differences in reactivity between 
prescribed burning and mechanical thinning materials, and suggest that these materials 
may be more or less reactive in different biogeochemical processes like microbial 
activities (Yates et al., 2019).  
Nutrients, including ammonia, nitrite, and nitrate (figure 2.14) were significantly 
impacted by the rain and other foreign materials, shown as the ‘control’. The control tray 
on average contributes at least 50% of these values, and in some instances exceeds the 
amount contributed by the other materials. We suspect this is a result of some interaction 
occurring the in the treatment trays causing these nitrogenous products to be consumed or 
preventing them from being dissolved but the mechanism remains unknown.   
 Due to all trays collecting almost exactly the volumes of water each flush, as 
discussed in the tray setup section, cumulative export differences among materials for 
DOC, DTN, DON, and THg are the same as those differences in concentrations, 
however, depending on the length of time these differences could become more 
significant. Given the experimental design we are only able to draw conclusions about the 
short-term differences. Cumulative exports of DOC, DTN, and  DON (figure 2.7) were 
quite low for wood materials compared to others, likely due to the components of this 
material being more recalcitrant to decomposition in the absence of soil microbes with 
only the minimal ends of these materials being exposed (the rest still covered by bark) 
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seen by little variation in concentration during the experiment (Bani et al., 2018). 
Cumulative DOC exports were considerably greater in litter materials due to the large 
influx during the 1st and 3rd flushes despite concentrations being considerably less by the 
end of the experiment As mentioned previously burned detritus had the highest average 
DTN concentration values, therefore they also exported the largest amount over the 
duration of the study. However, due to the relatively short – term increased concentration 
values of DTN if export values were monitored for a greater period of time, we would 
expect these differences to be less significant.   
 In figure 2.13 A-D the region 3 and 5 maxima from fluorescence EEM analysis, 
fulvic acid-like and humic acid-like respectively, show there are more identifiable 
differences in DOM characteristics. Burned detritus materials show the highest values in 
both regions 3 and 5, with a statistically significant difference compared to wood and 
litter (p ~ 0), which is to be expected for a partially decomposed detritus material that has 
been exposed to a prescribed burn. However, in region 3 and 5 maxima burned and 
unburned detritus were not significantly different (p > 0.075), therefore, just comparing 
humic and fulvic acid-like components in these materials may not be sufficient to identify 
differences in DOC characteristics after a prescribed burn. E2/E3 ratio is used to show 
differences in molecular weight, where a higher E2/E3 ratio indicates a small molecular 
weight (Dalrymple et al., 2010). We find that burned detritus showed the largest E2/E3 
ratio on average and was different from all other materials (p < 0.013), and thus the 
smallest average molecular weight of compounds.  Specific ultraviolet absorbance at 
254nm was used as a surrogate for DOM aromaticity to identify changes in DOC 
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characteristics significant to the mechanisms related to carbon and mercury 
exports(Weishaar et al., 2003). We found that burned and unburned detritus materials had 
similar SUVA254 values but were significantly different from litter and wood (p ~ 0), 
suggesting differences in reactivity in these detritus materials is not well captured by 
aromaticity alone. Overall, the SUVA254 and E2/E3 ratio suggests that while there are 
large quantities of DOC exported from litter materials these may not be very reactive.  
 Specific ultraviolet absorbance at 254nm (SUVA254) exhibited a moderate 
positive correlation with THg when examining the materials together, but when 
comparing individual materials, we find weak or negative correlations. Some reasons we 
expect our correlations are less conclusive than other studies are :our sample size for each 
individual material is relatively small and we monitored changes over a short period of 
time which showed narrow ranges of SUVA254 for each material type. We found 
dissolved organic carbon (DOC) to be a better indicator of total mercury content (figure 
2.11) than SUVA with a strong positive correlation when comparing all materials 
together (r2 = 0.64, p = 2.6 * 10-8). Given that Hg binds to the sulfur containing thiol 
groups on DOM it seems logical that DOC would therefore be a better indicator of Hg 
exports (Ravichandran, 2004; Woerndle et al., 2018).  However, when we examine the 
THg export for the duration of the experiment (figure 2.8) we find that the burned detritus 
exported the largest amount, despite litter material having greater DOC export, 
highlighting the significance of DOC characteristics playing an important role. 
Conclusion  
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 Forest management, including prescribed burning and mechanical thinning, have 
been practiced historically for a long time yet many impacts of which are still unknown. 
In this chapter water quality parameters were measured during a short-term controlled 
field study to assess differences between prescribed burning and mechanical thinning on 
carbon and mercury exports. 
 These results show differences in the quantity and characteristics of carbon 
exported, in addition to, differences in the quantity of mercury exported. These results are 
more pronounced during the first few rain events after the treatment and some differences 
become less significant over the course of this experiment (~3 months). Carbon export 
from mechanical thinning materials was vastly greater than other materials during the 
first three rain events following treatment but continued to steadily decrease over the 
course of the experiment eventually becoming quite similar to other materials. However, 
this drastic difference, even if for only a short time, when applied at the watershed level 
may have significant impacts both localized and downstream. Furthermore, many 
characteristics of the exported carbon remained similar for each material for the duration 
of the experiment which suggests that long term considerations can also be an important 
factor in deciding the appropriate forest management practice.  
 The results show there is a significant correlation between DOC quantity and THg 
export but given differences in the carbon character between materials we find that 
aromaticity may be a more significant factor in determining amounts of mercury exported 
than simply quantity of DOC alone. This finding is further supported by the results of 
THg exported over the duration of the experiment, in which burned detritus materials 
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were found to export the most THg and have the greatest SUVA254 values (along with 
unburned detritus materials) which was used as a surrogate for aromatic character. 
 As hypothesized, greater quantities of dissolved organic carbon were exported 
from materials remaining after mechanical thinning treatment. However, conversely to 
our expectation we found that mechanical thinning materials did not export the greatest 
quantities of mercury, but rather those burned detrital materials after a prescribed fire.  
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Figure 2.1: Clemson Experimental Forest Research plot, contains watersheds A, B, C, and D. 
Located 34°44'53.15"N, 82°52'39.45"W. 
 30 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.2: Clemson Experimental Forest watershed B, Brown's transect sampling for fuel 
load determination. 
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Figure 2.3: Aluminum tray and glass carboys, 3 of the 9 trays are shown. Setup is 
located at Clemson University’s Satellite Research Campus located in Anderson, 
SC, within 5m of an active weather station (ECRN-50 and Decagon VP-4 sensors 
connected to a Decagon EM50 datalogger) collecting temperature and 
precipitation data at 5-minute intervals. 
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Figure 2.4: Aluminum mesh bag setup, shows one of the two prepared unburned 
detritus material bags. One separately prepared bag is placed in each of the 9 
aluminum trays. 
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Figure 2.5: Rainfall, cumulative rainfall, and average daily temperature. Red arrows indicate a 
sampling point (n = 11). 
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Figure 2.6: DOC, DTN, and DOC/DTN for the 11 sampling points are shown in figure part A, C, and E. Box and whisker plot 
summaries are shown in parts B, D, and F. Note: part A and E, 2 upper outliers on  9/28 and 10/12 samples for litter excluded (can 
be seen in part B). 
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Figure 2.7: DOC (A), DTN (B), and DON (C) for 11 sampling points (bars), with cumulative export values on the alternate 
y-axis (lines).  
 36 
 
 
 
 
 
 
Figure 2.8: Total mercury (THg) for 7 sampling points (bars), with cumulative export values on the alternate y-axis 
(lines).  
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Figure 2.9: Total mercury versus SUVA for each material. Quantity of samples analyzed varied 
by materials: rain and litter n = 6, for all others n = 7.  
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Figure 2.10: Total mercury versus SUVA for each material individually. Quantity of 
samples analyzed varied by materials: rain and litter n = 6, for all others n = 7.  
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Figure 2.11: Total mercury versus DOC for each material. Quantity of samples analyzed 
varied by materials: rain and litter n = 6, for all others n = 7.  
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Figure 2.12: Total mercury versus DOC for each material individually. Quantity of samples 
analyzed for THg varied by materials: rain and litter n = 6, for all others n = 7.  
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Figure 2.13: SUVA254, Region 3 and Region 5 maxima and E2/E3 ratio extracted from 
ultraviolet spectrum scans and fluorescence excitation emission matrices (EEMs) for the 
first 10 flushes. Line graphs in parts A, C, E, and G show trend over time and B, D, F, and 
H summarize first 10 flushes using box and whisker plots. 
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Figure 2.14: Ammonia, nitrite, and nitrate for individual sampling events in parts A, C, E. 
Summary box and whisker plots shown in parts B, D, and F. Ammonia data shown for all 
11 flushes, nitrite and nitrate data shown for flush 1-9. 
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Figure 2.15: Clemson Experimental Forest watershed A in Clemson, SC. Photo taken: 
10/27/2018 
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Figure 2.16: Clemson Experimental Forest watershed B in Clemson, SC before prescribed 
burning treatment. Photo taken: 2/2/2018 
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Figure 2.17: Clemson Experimental Forest watershed B in Clemson, SC after prescribed 
burning treatment. Photo taken: 4/4/2018 
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Figure 2.18: Clemson Experimental Forest watershed D in Clemson, SC mechanical 
thinning treatment. photo taken: 1/25/2019 
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    A        B     C          D 
Figure 2.19: Fuel classes: A – 1 hour fuels (0-1/4inch), B – 10 hour fuels (1/4-1 inch), C – smaller 100 hour fuels (1-3 inches), D – 
larger 100 hour fuel (1-3 inches), examples of 1000 hour fuels (3+ inches not shown). Standard measuring tape and #2 pencils shown 
for size reference. 
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Figure 2.20: 1000-hour fuel (3+ inches). Standard measuring tape and #2 pencils shown for size reference. 
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Table 2.1: Weather conditions during prescribed burn in watershed B on 4/3/2018, 
collected from Andrew Pickens, SC RAWS database. 
 wind speed 
air 
temperature 
fuel 
temperature 
fuel 
moisture 
relative 
humidity 
unit m/s °C °C % % 
mean 1.0 19.2 19.5 9.2 52 
minimum 0.0 13.3 10.6 8.7 37 
maximu
m 
4.9 26.1 30.6 10.1 67 
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Table 2.2: Materials distribution of each experimental tray, based on Brown’s transect surveying 
of each watershed, in addition to additional surveying activities (i.e. species identification and 
approximate abundance). One control tray was used, and each treatment tray was prepared in 
duplicate. 
Treatment Materials Species contained Materials 
Field Control none none none 
Mechanical Thinning 
(leaves, x2) 
leaves Mockernut hickory 
(C. tomentosa) 
1 kg 
Mechanical Thinning 
(woody materials, x2) 
Wood- (0-1/4inch) diam. 
Wood- (1/4-1 inch) diam. 
Wood- (1-3 inches) diam. 
Mockernut hickory 
(C. tomentosa) 
760g-(0-1/4inch) 
140g-(1/4-1 inch) 
100g-(1-3 inches) 
Pre-burn forest floor 
detritus (x2) 
Leaves and woody materials Mix of hardwood and 
softwood species 
1 kg 
Post-burn forest floor 
detritus (x2) 
Leaves and woody materials Mix of hardwood and 
softwood species 
1 kg 
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Table 2.3: Browns transect data summary, n = 6 sets of transects for each watershed. 
 1 hr (tons / 
acre) 
10 hr (tons 
/ acre) 
100 hr 
(tons / 
acre) 
dead 
standing (in) 
(cm) 
litter depth 
(in) (cm) 
duff depth 
(in) (cm) 
1000 
rotted 
(tons / 
acre) 
1000 
sound 
(tons / 
acre) 
sum 1 – 
100 hr 
fuels 
(tons / 
acre) 
Watershed A 0.29 0.36 1.72 3.26 (8.3) 3.24 (8.2) 0.84 (2.1) 2.090 0.000 2.374 
Watershed B pre-burn 0.32 0.46 2.80 3.04 (7.7) 3.16 (8.0) 1.19 (3.0) 1.130 0.081 3.578 
Watershed B post-
burn 
0.10 0.140 0.98 0.85 (2.2) 0.57 (1.4) 0.52 (1.3) 0.935 1.568 
1.216 
Watershed D 0.29 0.40 1.10 3.33 (8.5) 3.78 (9.6) 1.56 (4.0) 0.000 0.123 1.782 
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Table 2.4: Mean ± std. error for pH, DOC, DTN, UV254, SUVA254, NH3-N, NO2-N, NO3-N, DON, THg, region 3 maximum, 
region 5 maximum, and E2/E3 ratio. 
 
 
Material pH DOC 
(mg/L) 
DTN 
(mg/L) 
UV254 
(1/cm) 
SUVA254 
(L*mg/m) 
NH3-
N 
(ng/L) 
NO2-
N 
(ug/L) 
NO3-N      
(ug/L) 
DON 
(mg/L) 
THg 
(ng/L) 
region 
3 max 
region 
5 max 
E2/E3 
ratio 
Burned 
Detritus 
6.86 
± 
0.16 
10.95 
± 1.36 
0.76 ± 
0.08 
0.33 ± 
0.04 
2.99 ± 
0.07 
0.17 
± 
0.02 
21.99 
± 
4.16 
267.49 
± 49.95 
0.75 ± 
0.07 
3.69 
± 0.2 
0.18 ± 
0.03 
0.19 ± 
0.03 
4.99 ± 
0.18 
Unburned 
Detritus 
6.59 
± 
0.19 
12.01 
± 1.72 
0.49 ± 
0.05 
0.34 ± 
0.05 
2.91 ± 
0.06 
0.10 
± 
0.01 
17.33 
± 
3.15 
167.57 
± 43.44 
0.51 ± 
0.05 
2.82 
± 
0.15 
0.12 ± 
0.02 
0.13 ± 
0.02 
4.25 ± 
0.12 
Litter 6.96 
± 
0.18 
26.24 
± 6.93 
0.38 ± 
0.04 
0.19 ± 
0.04 
0.80 ± 
0.03 
0.09 
± 
0.01 
18.31 
± 
3.08 
117.35 
± 27.97 
0.37 ± 
0.04 
2.70 
± 
0.29 
0.04 ± 
0.01 
0.05 ± 
0.01 
4.25 ± 
0.15 
Wood 7.33 
± 
0.25 
4.83 ± 
1.13 
0.21 ± 
0.03 
0.11 ± 
0.03 
2.05 ± 
0.09 
0.07 
± 
0.01 
17.66 
± 
3.02 
178.32 
± 41.35 
0.17 ± 
0.02 
2.00 
± 
0.19 
0.02 ± 
0.00 
0.03 ± 
0.01 
3.43 ± 
0.20 
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Table 2.5: One way ANOVA test plus post-hoc Tukey HSD to determine differences among means for DOC, SUVA254, DTN, 
DON, THg, region 3 maximum, region 5 maximum, E2/E3 ratio,  NH3-N, NH3-N, NO3-N. 
 
 
 
Comparison DOC SUVA DTN DON THg Reg 3 
max 
Reg 5 
max 
E2/E3 
ratio 
NH3-N NH3-
N 
NO3-N 
Unburned 
Detritus vs 
Burned Detritus 
0.022* 0.000* 0.000* 0.000* 0.057 0.075 0.147 0.004* 0.003* 0.898 0.104 
Litter vs Burned 
Detritus 
0.997 0.852 0.003* 0.000* 0.119 0.000* 0.000* 0.013* 0.007* 0.815 0.419 
Wood vs 
Burned Detritus 
0.643 0.000* 0.000* 0.000* 0.000* 0.000* 0.000* 0.000* 0.000* 0.846 0.519 
Litter vs 
Unburned 
Detritus 
0.037* 0.000* 0.431 0.051 0.987 0.048* 0.051 1.000 0.992 0.998 0.866 
Wood vs 
Unburned 
Detritus 
0.001* 0.000* 0.130 0.004* 0.275 0.031* 0.032* 0.014* 0.616 0.999 0.783 
Wood vs Litter 0.515 0.000* 0.002* 0.000* 0.150 0.978 0.976 0.027* 0.438 1.000 0.998 
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CHAPTER THREE 
CONTROLLED PILE BURNING IN SAGEHEN EXPERIMENTAL FOREST, SIERRA 
NEVADA, CALIFORNIA IN SURFACE WATER 
 
 
Abstract 
 The use of forest management practices, including pile burning, are necessary to 
maintain the health of the ecosystem and ultimately reduce the risk of wildfire. In the 
Western United States fire suppression has occurred historically for many decades which 
increases the risk of wildfire and difficulty in properly managing this risk. To assess the 
impacts of hand pile burning on carbon and mercury exports in surface water we 
conducted a study in Sagehen Experimental Forest in the Sierra Nevada region of 
California, north of Lake Tahoe. Before and after hand-pile burning were conducted, over 
a large area of the forest surrounding part of Sagehen Creek, we collected water samples 
from four creek sites (SG1 – 4) in addition to one groundwater (GW) reference location. 
Sampling was conducted from December 2017 until June 2019, and was divided into six 
periods to describe impacts of treatment and differences in seasonal changes more 
succinctly, these periods are; pre-treatment 1 (winter) , pre-treatment 2 (spring), pre-
treatment 3 (snow melt), treatment, post-treatment and post-snow melt. Water quality 
parameters including dissolved organic carbon (DOC), specific ultraviolet absorbance at 
254 nm (SUVA254), and total mercury (THg, dissolved and filtered) were analyzed to 
determine changes impacting carbon and mercury dynamics. Dissolved organic carbon 
was found to be significantly higher in surface water from SG1 – 4 than GW (~ 2.6 mg/L 
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and ~ 0.25 mg/L in GW and SG1-4, respectively) which decreased by >50% after pile 
burning treatment. In SG1 – 4 SUVA254 values were ~ 3.0 L*mg/m on average, versus 
~0.4 L*mg/m in GW, which increased by > 50% in SG1 – 4 after pile burning but there 
was no change observed in GW. Total mercury concentrations (dissolved and filtered) 
were ~ 0.75 ng/L in SG1 – 4 and ~0.3 ng/L in GW on average, with no significant 
changes observed after pile burning. We find that hand pile burning reduced the export of 
DOC but had little effect on THg export, with seasonality and discharge playing a more 
significant role in impacting these values.   
Introduction 
 Fire suppression has occurred for many decades in the Western United States, 
leading to significantly increased fuel loads that present a large risk of uncontrollable 
wildfire (Boisramé et al., 2017; Majidzadeh et al., 2019). As global climate continues to 
shift there is an increased need to reduce fuel loading by a variety of means including 
prescribed burns to reduce the fuel bed and mechanical thinning to reduce the availability 
of ladder fuels (Westerling and Bryant, 2008; Cisneros et al., 2018). The single most 
important factor to target in lowering the risk of fire is simply reducing the available fuel 
load (Kolden, 2019).  
 Regardless of the utilized method, management is important for many factors 
including the health of the forest and surrounding ecosystem, in addition to reducing 
interaction with anthropogenic landscapes (McWethy et al., 2019). Management has 
potential impacts on a variety of natural cycles including carbon, nutrients, and mercury. 
 59 
These cycles are impacted by hydrologic factors, especially frequency and quantity of 
rainfall, post-management (Marcé et al., 2018).  
Hand pile burning allows the control of many factors to a degree that is simply 
not possible given other fire management methods, these include: size of burned area, 
burn time, pile composition, and location. ‘Standard’ burning practices that include hand 
lit backing fires that burn to pre-cut fire lines are not applicable in areas of high fire risk 
due to extreme fuel loads (Scholl and Taylor, 2010; Hurteau and Brooks, 2011; Cisneros 
et al., 2018; Williams et al., 2020). Pile burning, however, allows the manipulation of the 
fuel on a smaller and more precise scale, where piles can be prepared in open or cleared 
areas at sizes that will burn up quickly to limit the risk of ladder fuels causing a crown 
fire (Wright et al., 2019). Most importantly the location of piles can be manipulated so 
the least impact is imparted on the surrounding ecosystem, for example moving the fuels 
far away from any water body or to the start of the watershed so the runoff after 
subsequent rain events has a greater chance to remain in the localized ecosystem, 
reducing downstream impacts (Wright et al., 2019). Furthermore, small piles are a size 
such that they can be reasonably quenched (without large quantities of water, therefore 
this quenching can be conducted on remote sites) after burning has reached the desired 
state, reducing risk from smoldering or lingering combustion (Busse et al., 2013). Lastly, 
this quenching may provide additional benefits such as encouraging the formation of 
black carbon materials that allow for creation of a valuable soil carbon sink (Wright et 
al., 2019).  However, these benefits are not without costs, most notably the labor required 
to effectively carry out enough small pile burns to successfully reduce the fuel load in an 
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area (Busse et al., 2013). Preparing the piles would potentially require more crew or time 
than would be needed for other methods, and piles may need time cure so the fuel is able 
to be efficiently burned (taking up to 1 year or more depending on environmental factors) 
(Wright et al., 2019).  
All forested lands provide valuable ecosystem services that must be preserved 
using the most appropriate means available, and special care is required in areas where 
fire suppression has occurred historically. Hand pile burning provides a method that 
seeks to restore the fire regime required for best forest health in a way that reduces 
wildfire risk in a manageable way but may prove difficult to implement in large areas 
without sufficient resources. The objective of this study was to determine the impacts of 
hand pile burning on carbon and mercury exports. We hypothesize the following: 
1) Pile burning will reduce the export of DOC in the short term after 
treatment, and 
2) Pile burning will reduce the export of total mercury (THg) 
Materials and Methods 
Study Site and Sample Collection 
Water samples for this experiment were collected from Sagehen creek, located in 
the Tahoe Basin of Sierra Nevada, California. Sagehen creek is found within the 
approximately 9,000-acre Sagehen Experimental Forest that is collaboratively managed 
by Tahoe National Forest, University of California at Berkeley, and the U.S. Forest 
Service Pacific Southwest Station. The detailed site map is shown in figure 3.1, features 
include: pile burning, mastication and thinning treatment zones, groundwater collection 
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site, sample sites SG1, SG2, SG3 and SG4, and the Sagehen Creek Field Station. The 
four sample sites are located along the Sagehen Creek with variable areas of treatment 
near them. The smallest treatment area is by SG1, which is upstream of all the other 
points. The GW SG2 and SG3 sites are near the largest area of treatment and SG4 is 
downstream from the rest of the sites with a small treatment area nearby. Mastication and 
thinning occurred 1-2 years before the pile burning was conducted and therefore any 
impacts are not considered in this study, however, they are a part of the long-term 
management plan established in that area. Additionally, located at the cyan teardrop 
marker shown in the map (figure 3.1) there is a gauging station (USGS station 10343500) 
that collects discharge in ft3/s (shown in figure 3.5) and temperature in °C that records 
data every 15 minutes. 
Historically this site has not been maintained by fire and has seen primarily fire 
suppression and logging as the main management focuses, which have created fuel dense 
stands more prone to wildfire risk (“Sagehen Creek Field Station – UC Natural Reserve 
System,”). The experiments conducted in this study are part of a larger initiative to 
reintroduce fire to this system in an effort to reduce the fire risk and return the ecosystem 
to more pristine conditions. 
The first samples were collected on December 10, 2017 and regular interval 
sampling began in May 2018. While Sagehen creek does flow year-round the flow during 
the winter months it is low compared to the warmer months and is usually inconsistent 
due to ice buildup at the gauging sites. Grab sampling typically occurred once a month 
from each of the 5 sites, except during times in which significant events were occurring, 
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e.g. after intensive snow melting generated large discharge. Table 3.1 displays the dates 
that sampling occurred, highlighting when more intensive sampling was implemented to 
better capture trends in the data. Additionally, this table indicates separation of samples 
into six main event periods: pre-treatment 1 (winter), pre-treatment 2 (spring), pre-
treatment 3 (snow-melt), treatment, post-treatment and post-snow melt which were used 
to summarize the data. 
Hand Pile Burning 
Due to the historical ecological conditions of forests in the Western United States 
the burn seasons are much shorter than other areas, like the Eastern US. The burn seasons 
are typically about one month in length during fall after precipitation and one month in 
the spring after snow melting occurs. Approximately, mid-October through November 
and mid-April through May, respectively. Burning seasons are also affected by other 
natural conditions such as precipitation and fuel characteristics. Piles burned in this 
experiment were prepared and allowed to cure in the field for 2 seasons before being 
burned in Fall 2018 on 10/30 and 10/31 (see figure 3.11 – 3.13 for images of pile before 
during and after burning). Weather conditions during the burn were collected by a nearby 
RAWS station (Stampede CA RAWS) and would be considered generally “good fire 
weather”, table 3.2. Additionally, temperature of piles during burning was measured 
using a handheld infrared thermometer with temperatures up to ~850 °C. 
Surface Water Quality 
Samples from the groundwater collection site (GW) and the four Sagehen Creek 
collection sites (SG1-4) were collected as grab samples. The SG1 site is located upstream 
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of the majority of the treatment impacted area, SG2 is located further downstream just 
above the Sagehen Field Station near the largest impacted area, SG3 is even further 
downstream and is also near the largest impacted area, while SG4 is the furthest 
downstream site near a smaller impacted area. Groundwater is collected from a location 
near the Sagehen Field Station. Samples were collected in 1L amber glass bottles for all 
water quality analyses and 500mL Teflon bottles for mercury analysis, thereupon shipped 
on ice the same day or the next day to Clemson University for water quality analysis and 
University of North Carolina at Greensboro for Hg analysis. Bottles were filtered by 
0.7um and stored at 4 °C for no more than 2 weeks before filtering by 0.45um for water 
quality analysis. Water quality analysis included: dissolved organic carbon (DOC), 
dissolved total nitrogen (DTN), ultraviolet absorbance at 254nm (UV254), NH3-N, NO3-
N, NO2-N, pH. The pH was measured using a VMR SD80pc benchtop meter with Orion 
9156BNWP electrode (VMR International Radnor, PA). Turbidity was measured using a 
Hach 2100N turbidimeter (Hach Company Loveland, CO). Nitrite (as NO2-N) and 
Nitrate (as NO3-N) were measured using a Dionex Aquion IC, minimum detectable limit 
(MDL) = 0.5 µg/L (Thermo Fisher Scientific Waltham, MA).  Dissolved organic carbon 
was measured as non-purgeable organic carbon (NPOC), by acidifying samples with 
phosphoric acid to low pH (~2) before sparging by nitrogen gas to remove inorganic 
carbon, and dissolved total nitrogen on a Shimadzu TOC-L equipped with TNM-L unit 
and ASI-L autosampler (Shimadzu Corporation, Kyoto Japan). MDL for DOC method 
was 0.5 mg/L, and 0.05 mg/L for DTN method. Ammonia was measured as NH3-N using 
Hach DR/890 colorimeter and corresponding method 8155, MDL = 0.01 mg/L of 
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nitrogen (Hach Company Loveland, CO). Specific ultraviolet absorbance at 254nm was 
calculated by: SUVA254 = (UVA254/DOC) * 100 with the units L/(mg*m). 
Optical Properties of DOM 
 Specific ultraviolet absorbance at 254nm (SUVA254), UV254nm to UV365nm 
ratio (E2:E3 ratio), and Fluorescence spectroscopy (FL) coupled with fluorescence region 
integration (FRI) to create excitation-emission matrices (EEMs) were used to analyze the 
changes optical properties of dissolved organic carbon (DOC) over the incubation period. 
Excitation from 220 – 450nm at 5nm interval and emission from 280 – 550nm at 1nm 
interval with 5nm slit width was measured on a Shimadzu RF5301 
spectrofluorophotometer (Shimadzu Corporation, Kyoto Japan). All samples were diluted 
to UV254 absorbance < 0.2 before fluorescence analysis to remain below peak detection 
saturation. FRI analysis was performed following the method in (Zhou et al., 2013). In 
EEMs Region 1 contains tyrosine-like compounds, region 2 tryptophan-like compounds, 
region 3 fulvic acid-like, region 4 soluble microbial byproduct-like, and region 5 humic 
acid-like. However, to expedite analysis time region 3 and region 5 maximum 
fluorescence intensity values were used to compare key differences in optical properties 
compared to the more traditional approach comparing the percentage of overall signal 
response in each region (Zhou et al., 2013).  
Total Mercury 
Samples for total mercury (THg) analysis were collected in Teflon bottles 
(preserved with 1% HCl solution before use). Collected samples were immediately put on 
ice and subsequently refrigerated until shipping cold to University of North Carolina at 
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Greensboro (UNCG) for analysis. At UNCG samples were initially filtered by 0.7 µm 
Whatman GF/F filter were pre-baked at 450°C for four hours to remove mercury prior to 
use and the filter apparatus was soaked with 20% HNO3 and soaked in 5% BrCl (with 
deionized water rinse in between) before final rinse with deionized water to ensure no 
mercury was present in the filter apparatus. Samples were then digested using an acidic 
mixture permanganate (KMnO4) and persulfate (K2S2O8) at 60°C for at least 12 hours 
(Woerndle et al., 2018). After neutralization samples were analyzed using cold vapor 
atomic fluorescence spectrometry using a Brooks Rand Model III detector, MDL = 0.1 
ng/L (Brooks Rand Instruments Seattle, WA). 
Statistical Analysis 
One-way analysis of variance (ANOVA) coupled with a post hoc Tukey HSD test 
were used to determine if statistically significant differences were found, therefore all 
required assumptions required of this analysis were deemed appropriate for this dataset. 
All statistical analysis was performed in programming language R, see appendix A for 
details about specific packages used.  
Results 
Sagehen Creek Discharge and Temperature 
 Average daily discharge and temperature are shown in figure 3.5, with the 
average discharge being highest in the pre-treatment 2 snow melt period and post-snow 
melt period. Discharge was similar during both snow melting periods, with higher 
sustained averages during the 2019 snow melting period. Average daily temperature was 
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highest during the pre-treatment 3 summer and fall period, with comparable average daily 
temperatures during both snow melting periods.  
Water Chemistry 
 Basic water quality parameters analyzed include dissolved organic carbon (DOC) 
and pH are shown in figure 3.2. Dissolved organic carbon (figure 3.2 A and B) was 
relatively consistent among the SG1-4 sites, and considerably higher than GW. In GW 
samples < 1 mg/L DOC was typically observed except in the 9/18 sample. For SG1-4 we 
saw a decrease from 12/17 to 7/18, increase until 10/18 and then a sharp decrease after 
the fire observed in the 11/18 sample. The levels of SG1-4 DOC continued to increase 
during the frozen post-treatment period (12/18 – 3/19)  until the snow melting where the 
values were even further elevated ~ 5 mg/L until the second 5/19 sampling where values 
declined sharply (~1 mg/L). Dissolved organic carbon concentration averaged for each 
period (figure 3.2E) highlights the decrease in concentration after treatment and 
differences between the pre-treatment 2 and 3 periods versus post-snow melt accounting 
for seasonality and treatment impact. Box and whisker summary for the DOC averaged 
by period indicates no significant differences (p > 0.05) in mean concentration in SG1-4 
only when comparing GW to SG1-4.  In figure 3.2 C and D the pH results for the 
duration of the study are shown, with average values for all sites between 7.5 and 8. No 
significant differences were observed in pH during the course of the study, even when 
examining data separated into the six periods (figure 3.2G and H) with no change after 
treatment or after the snow melting period. Ammonia (NH3-N), nitrite(NO2-N), and 
nitrate(NO3-N) data are not shown due to > 90% of the data being below the MDL (0.01 
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mg/L for ammonia and 0.5 µg/L for nitrite and nitrate), and the remaining data being so 
sparse that no discernable patterns exist (the significance of the low values will be 
addressed in the discussion section).  
Optical Properties of DOM 
 To assess differences in DOM characteristics among sites and over time 
optical properties of the DOM were analyzed, through EEM FRI techniques, E2/E3 ratio, 
and SUVA254. Any SUVA values greater than 6.0 L/mg*m and E2/E3 ratios greater 
than 10.0 were removed from the data set due to the high chance these values are not 
representing DOM components but rather unwanted constituents like iron (Weishaar et 
al., 2003; Hansen et al., 2016). Specific ultraviolet absorbance at 254 nm (SUVA254) 
values were low in GW for all except 1/22/19 and the first 4/16/19 sampling (figure 3.3A 
and B). In SG1-4 SUVA254 generally values are increasing through the 6/18 sample, 
decreasing through 9/18, increasing again through 11/18 where they remain until the first 
4/19 sample, decrease in the second 4/19 sample until increasing in the second 5/19 
sample for the remainder (except for SG2 which shows the trend exception as it did in 
UV254 values). Analyzing the SUVA254 values summarized by the six event periods 
showed only minor differences to analyzing each sampling point individually, most 
notably that pre-treatment 2 is considerably different from post-snow melt in SG1 - 4 
(figure 3.3 E and F). The E2/E3 ratio was used as a surrogate for molecular weight of 
DOM, where there is an inverse relationship between E2/E3 ratio and molecular weight 
of DOM, therefore high E2/E3 ratio suggests lower molecular weight (Dalrymple et al., 
2010). In figure 3.3 C and D lower average E2/E3 ratio was observed in GW compared to 
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SG1 – 4, and pile burning seemed to have little impact on the trend (Dalrymple et al., 
2010; Majidzadeh et al., 2015b). Ratios were variable in the first few sampling points but 
from the September 2018 sample for the rest of the study samples showed little 
fluctuation (figure 3.3C). Examining E2/E3 ratios summarized by the six periods (figure 
3.3 G and H) highlights the similarity in molecular weight of DOM among all sites in the 
post-snow melt period and that the most significant fluctuations occurred in SG1 and 
SG4 possibly due to these sites being near smaller treatment areas (see map in figure 3.1). 
The signal responses in each of the 5 regions: region 1) tyrosine-like compounds, 
region 2) tryptophan-like compounds, region 3) fulvic acid-like, region 4) soluble 
microbial byproduct-like and lastly region 5) humic acid-like are shown in figure 3.4 for 
samples collected 9/11/2018 through 5/14/2019. All sites were found to have some 
change in all five region percentages in the period immediately following the treatments. 
In region one for GW and SG1 - 4 we found a decrease by approximately five percent in 
the three months after treatment but after the snow melting began these values gradually 
increased and by the end of the study (about 7 months after treatment) they had returned 
to values similar to those seen before the treatment period (figure 3.4A).  Region two 
showed a difference in trends for SG1 – 4 and GW samples, where SG1 – 4 percentages 
decreased by approximately half after treatment and remained for the duration of the 
study (figure 3.4 B). The GW samples exhibited a more complex trend in region 2 in 
which percentages were decreasing until the November 2018 sample (the first after 
treatment) but had increased by more than ten percent by the December 2018 sample. 
Following this the percentages decreased again through the first sample after the snow 
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melt (April 16th, 2019) then increased where it remained for the rest of April and the first 
May sample. In mid-May 2019 a small decrease was observed, and a small increase was 
seen in the final sample in June 2019. In region three GW and SG1 – 4 showed similar 
trends before treatment and after snow melting occurred where percentages were around 
ten percent in GW consistently and approximately 20-25 percent in SG1 – 4 (figure 
3.4C). After treatment SG1 – 4 region 3 percentages increased and remained elevated 
until the snow melting period where they returned to pre-treatment values and GW 
percentages decreased after treatment until also returning to previous values in the snow 
melt. In region four SG1- 4 percentages were slightly decreased during the treatment and 
post-treatment periods but pre-treatment values were similar to those in post-snow melt. 
Region four percentages in GW were increasing steadily from pre-treatment until the first 
sample post-snow melt, after which they were declining steadily for the remainder of the 
study (figure 3.4D). In Region five SG1 – 4 percentages increased by approximately 10% 
after the treatment and remained elevated for the duration of the study, while GW 
samples were consistently between 5 – 7% for the duration of the study with the 
exception of the first sample after snow melt where it was approximately 12% (figure 
3.4E). 
Variations in Mercury Concentrations 
 Total mercury (THg) for filtered water samples is shown in figure 3.6, with values 
ranging from ~0.05 to 0.8 ng/L in GW and 0.25 to 2.2 ng/L in SG1-4, though similar 
trends were observed in both GW and SG1-4. Between 12/17 and 9/18 there is 
considerable fluctuation between sampling points but ultimately THg values decrease 
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during this period. During the 10/18 to 1/19 period THg is increasing, decreasing through 
3/19, increasing again through the first 4/19 sample. A decrease was observed in the 
second 4/19 sample but an overall increase through the remainder. Summarizing THg 
concentration by period (figure 3.6 C and D) suggests differences may have resulted from 
seasonal changes and discharge for SG1-4 and GW comparing pre-treatment 1-3 with 
treatment, post-treatment and post-snow melt periods. When plotting DOC versus THg 
(figure 3.7) for SG1-4 and GW together we found no correlation (r2 = 0.28, p = 0.011). 
When making the same comparison on an individual basis (figure 3.8) we found no 
correlation in SG1-4 but a weak positive correlation in GW (r2 = 0.45, p = 0.091). 
Plotting THg versus SUVA254 for SG1 and GW together (figure 3.9) yielded a weak 
positive correlation (r2 = 0.43, p = 5.3 * 10-5). Total mercury versus SUVA254 on an 
individual basis (figure 3.10) yielded a stronger positive correlation in GW (r2 = 0.77, p = 
8.6 * 10-4), and no correlation for any of SG1-4. 
Discussion 
Sagehen Creek Discharge and Temperature 
 The amount of water discharged will likely affect the total export of carbon and 
mercury however, with our experimental design it is difficult to quantify these effects for 
several reasons; first we only have measured discharge from one location that is central to 
SG1 – 4 but neglects difference in hydrologic patterns in the areas adjacent to each 
sample site, second we do not have an exact measure of the area impacted by treatment 
thus, we cannot accurately account for this impact on the natural hydrologic cycle. 
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Therefore, we use this data cautiously to discuss differences in values in an attempt 
prevent any inaccurate conclusions drawn from such assumptions. 
Water chemistry 
 As shown in figure 3.2A dissolved organic carbon is significantly higher in 
surface water from SG1 – 4 than that of the groundwater (GW), which is expected given 
the distinction between these two water sources (ground versus surface water). 
Examining the changes in the surface water from SG1 – 4 over time, before and after 
treatment is therefore much more important. In comparing DOC values for each site 
during each of the six major event periods we find a clear decrease in concentration after 
treatment application that recovers throughout the post-treatment and post-snow melt 
periods. These findings of decreased DOC release are consistent with some literature 
(Majidzadeh et al., 2019), but contrary to other literature finding an increase in short term 
DOC release (Olivares et al., 2019).  There were no trends seen in pH change over time 
or after treatment (figure 3.2 C) and no significant differences were observed in average 
pH values among any of the sites (figure 3.2 D). As previously noted, other basic water 
quality parameters were measured but no data is shown (including ammonia, nitrite, 
nitrate, and sulfate). The majority of data was below the MDL possible with the available 
equipment and methods so no changes in the cycles of nitrogenous compounds were 
assessed. However, it is then likely that in this study system impacts on nitrogenous 
compounds resulting from forest management may be minimal.  
Optical properties of DOM 
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To determine potential changes in DOM reactivity as a result of pile burning 
selected optical properties which include SUVA 254 and E2/E3 ratios were analyzed to 
determine changes in the DOM reactivity (figure 3.3). Elevated SUVA254 values after 
the pile burning shows a shift in aromaticity that may also lead to a shift in reactivity 
(figure 3.3A) (Weishaar et al., 2003; Majidzadeh et al., 2019).  Average SUVA254 
values were similar among SG1 – 4 samples (2.5 < x < 4), and much higher than GW 
values (< 0.25, figure 3.3B) which we would expect due to the key differences 
distinguishing ground versus surface waters. The E2/E3 ratio was used as a surrogate for 
molecular weight to aid in determining differences in optical properties of present DOM 
fraction that could ultimately impact reactivity (Dalrymple et al., 2010; Majidzadeh et al., 
2015b). Ratio of E2/E3 was lower on average in GW samples compared to SG1 – 4 
suggesting that the DOC components are smaller in size which agrees with our findings 
of lower aromaticity from SUVA 254 analysis (figure 3.3D). When examining the pre-
treatment periods we found higher E2/E3 ratios than after treatment occurred during the 
same time of the year, suggesting the pile burning reduced the average size of soluble 
organic compounds, see figure 3.3C (Santos et al., 2019).  
Furthermore, EEM FRI analysis was performed to compare the percentage of total 
fluorescence response in each of the five regions to identify more specific shifts in DOM 
composition that may reflect changes in reactivity as a result of the treatments applied 
(figure 3.4). We would expect that in these regions, corresponding to fulvic acid-like and 
humic acid-like compounds, respectively, percentages are elevated following treatment as 
pile burning increases decomposition. The increases in region three are reverted 
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following the post-treatment period for the remainder of the study but region five 
percentages remain consistently elevated. Overall, these observed changes in 
fluorescence regional response suggest that while pile burning may impact many 
biogeochemical factors in similar ways as other management practices.  
Variations in Mercury Concentrations 
 Mercury export is an often overlooked but ecologically relevant factor to consider 
when determining impacts from various forest management practices in the short- and 
long-term periods following implementation of treatment (Lidskog et al., 2018). As 
forested areas, through their foliar litter, serve as important sources for inorganic mercury 
and different treatments can have different impacts on their export. Some changes were 
observed in THg concentration in SG1 – 4 from the groundwater both after pile burning 
and snow melting (figure 3.6A). After pile burning was conducted the levels of THg 
increased during the next two months in SG1 – 4 and GW but ultimately declined into the 
March 2019 sampling suggesting only short term increases in export. After the period of 
snow melting THg concentrations became elevated and remained so for the duration of 
the study, however, the data collected before any treatment occurred (May 2018 sample) 
suggest that these elevated values may be typical of seasonal effects (significant 
precipitation and snow melt runoff in the months preceding). As a result, we find that pile 
burning may expedite elevated levels of THg, when comparing December 2018 and 
December 2019 sample data.  
Due to mercury analysis generally being time consuming and costly, correlations 
of THg with other commonly measured water quality parameters were analyzed in an 
 74 
attempt to provide a potentially reasonable surrogate in the estimation of treatment 
impacts on mercury. Figures 3.7 and 3.8 are the results from the linear regression analysis 
for all sample sites together (3.7) and separately (3.8) to determine if any correlation with 
THg and DOC is present. We found that no correlations between THg and DOC are 
observable in all sites together or separate that would be adequate for estimation 
purposes. Additionally, we found that the correlation between THg and SUVA254 for all 
sites together (figure 3.9) is only moderate (r2 = 0.44, p-value = 4.2 * 10-5) and we do not 
feel this would be sufficient for estimation. When examining this correlation for 
individual sites (figure 3.10) we find that for SG1 – 4 there is no correlation, we suspect 
as a result of the complex biogeochemical processes that occur as the surface water 
interacts with the landscape but in GW a moderately strong positive linear correlation 
was observed (r2 = 0.77, p-value = 8.6 * 10-4). Therefore, it may be possible to achieve 
reasonable estimates of THg concentration in groundwater of similar sites based on the 
SUVA254 values, though surface water impacts are typically the concern when 
considering forest management. Ultimately, the predictors analyzed in this study would 
not be sufficient in estimating THg exports in sites impacted by pile burning.  
Conclusions 
 Analyzing basic water quality parameters yields quantifiable effects of pile 
burning on the watershed, which are further expanded when looking at more complex 
parameters including SUVA254 and THg. We found that DOC levels were initially 
reduced after pile burning with a gradual increase until the snow melting began, where 
concentration was nearly doubled. When examining the changes in SUVA254 and E2/E3 
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ratio during this same part of the experiment we find there are only minor differences in 
molecular weight of DOM (derived from E2/E3 ratio) but the aromaticity is greatly 
increased (SUVA254). Increase in aromaticity post treatment could affect more complex 
biogeochemical cycles in addition to those analyzed in this study like THg transport. 
Additionally, in the snow melting period there are considerable increases in the discharge 
but this period does not occur during the same time each year. It is possible there is some 
effect on these biogeochemical processes depending on how soon after burning the snow 
melt period occurs, but this is outside the scope of this study. Our findings support our 
first hypothesis; 1) that pile burning decreases short term DOC export but our second 
hypothesis 2) pile burning will reduce the THg export was not supported as there was 
little change after burning was conducted.  
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Figure 3.1: Map of Sagehen Experimental Forest treatment areas used in this study. Treatment areas are 
indicated by color filled polygons, sample sites by colored spheres, the Sagehen Creek Station by a white star 
and Sagehen creek by a cyan line. Located in Truckee, CA. Sagehen Creek Station located at lat. 
39°25'55.45"N, long. 120°14'27.81"W 
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Figure 3.2: Dissolved organic carbon and pH for each sampling point and the means for 
each of the six periods: pre-treatment, treatment, post-treatment, and post-snow melt. 
Summarized by the accompanying box and whisker plots. 
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Figure 3.3: Specific ultraviolet absorbance at 254nm and E2/E3 ratios by 
sampling point and summarized in box and whisker plots to assess changes in 
DOM reactivity resulting from hand-pile burning treatment. SUVA254 values 
above 6.0 and E2/E3 ratios above 10.0 were removed due to a high chance of 
being a result of unwanted constituents like iron or colloids  (Weishaar et al., 
2003; Hansen et al., 2016).  
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Figure 3.4: EEM FRI analysis, indicating percentage of total response in each of the 5 
regions. Region 1 contains tyrosine-like compounds, region 2 tryptophan-like 
compounds, region 3 fulvic acid-like, region 4 soluble microbial byproduct-like, and 
region 5 humic acid-like. 
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Figure 3.5: Sagehen creek discharge in cubic feet per second, data shown is the daily 
average discharge from data points taken every 15 minutes for the duration of this study 
collected by USGS current conditions for USGS 10343500 Sagehen C NR Truckee, CA.  
 81 
 
 
 
 
 
 
Figure 3.6: Total mercury for each sampling point and by means for each of the six 
periods: pre-treatment, treatment, post-treatment, and post-snow melt with corresponding 
box and whisker plots. 
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Figure 3.7: Linear regression analysis for dissolved organic carbon versus total 
mercury for all materials. 
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Figure 3.8: Linear regression analysis for dissolved organic carbon versus total mercury for 
each material individually. 
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Figure 3.9: Linear regression analysis for specific ultraviolet absorbance at 254nm 
versus total mercury for all materials. 
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Figure 3.10: Linear regression analysis for specific ultraviolet absorbance at 254nm 
versus total mercury for each material individually. 
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Figure 3.11: Small piles cured for 2 seasons before burning, Sagehen Creek, CA.  
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Figure 3.12: Small piles during burning, Sagehen Creek, CA. 
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Figure 3.13: Residual biomass of a small pile after burning, Sagehen Creek, CA. 
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Period
pre-
treatment 1 
winter
treatment
Sample Number 1 2 3 4 5 6 7 8 9 10
Date Collected 12/10/2017 4/30/2018 6/21/2018 7/25/2018 9/11/2018 10/16/2018 11/19/2018 12/18/2018 1/22/2019 3/25/2019
Period
Sample Number 11 12 13 14 15 16 17 18 19
Date Collected 4/16/2019 4/23/2019 4/30/2019 5/5/2019 5/14/2019 5/20/2019 5/28/2019 6/4/2019 6/11/2019
post-treatment
post-snow melt
pre-treatment 2 snow 
melt
pre-treatment 3 summer to 
fall
 
 
 
 
 
 
 
Table 3.1: Dates of each sample collection with subdivision into six significant event periods. 
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Table 3.2: Weather conditions during pile burning on October 30th, 2018, collected from 
Stampede California, CA RAWS database. 
 wind speed 
air 
temperature 
fuel 
temperature 
fuel 
moisture 
relative 
humidity 
unit m/s °C °C % % 
mean 1.4 2.1 2.0 9.4 53 
minimum 0.0 -4.4 -8.3 7.7 27 
maximu
m 
9.4 10.6 22.2 14.0 83 
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CHAPTER 4 
CONCLUSION 
Our field tray incubation of prescribed burning and mechanical thinning materials 
from our South Carolina watershed showed that under these conditions thinning materials 
exported larger quantities of DOC than other materials but when considering DOC 
characteristics analyses (like SUVA254 and region 3 and region 5 maxima) these materials 
were found to have low aromaticity and transported low levels of THg. Additionally, 
burned materials were found to have higher aromaticity and lower levels of DOC export 
but overall exported the largest quantity of THg. Furthermore, this was a controlled field 
study and therefore the materials were not subject to all of the natural variances that 
would normally occur in the field therefore it remains difficult to understand the extent to 
which these observations would occur in a completely field conducted experiment (Bêche 
et al., 2005; Boisramé et al., 2017). However, we believe these findings provide useful 
insight regarding considerations to carbon and mercury export when determining the best 
management practice to use in a particular system. 
Water samples collected in our Sagehen Creek, California field study did not 
reflect any considerable changes in water quality both immediately after and in the short 
term following prescribed pile burning. No notable differences were observed in DOC 
and THg export quantities or in DOC characteristics. More notable differences in water 
quality parameters were seen as a result of the seasonal hydrological differences due to 
the snow melting period that is present following heavy snowfall during the winter 
months. Due to logistics considerations samples were only able to be collected typically 
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on a monthly basis which may have been a contributing factor to no discernable 
differences a result of the pile burning. However, these findings suggest that small scale 
hand pile burning may be a suitable management method to employ in areas like 
California where decades of fire suppression have left the landscape vulnerable to severe 
wildfire.  
Ultimately, determining which management practice to use in a specific 
watershed remains a complex issue, but our work suggests that carbon and mercury 
exports should be a consideration in that decision as they could help limit the impacts 
management imparts on the ecosystem. 
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